Although isolated systolic hypertension (ISH) increases the risk of coronary heart disease and stroke, more than any other hypertension subtype, the prevalence and risk factors associated with ISH in the Korean population are not known. The 2001 Korean National Health and Nutrition Survey was a cross-sectional and nationally representative survey conducted in 2001. The prevalence of ISH by age and body mass index (BMI) was examined in 6601 Korean adults over 20 years of age. After adjusting for age, 4.3270.32% of Korean adults had ISH, 5.2870.37% had isolated diastolic hypertension and 5.8270.36% had systolic/diastolic hypertension. The overall prevalence of ISH was found to increase directly with advancing age and increasing BMI. Although the ISH was found to be more common in men overall (4.8170.50% in men, 4.1270.37% in women), it was more common in women over 70 years of age. Independent variables associated with risk for ISH included advanced age, BMI, triglyceride (TG) levels, monthly income and alcohol intake. However, gender, fasting blood glucose, total cholesterol and high-density lipoprotein cholesterol levels, residential area, education level and smoking were found not to be significantly associated with ISH risk. The findings of the present study demonstrate that the prevalence of untreated ISH in Korea was lower than in Western countries. Age, BMI, TG levels, monthly income and alcohol intake were associated with ISH.
Introduction
Cardiovascular disease and stroke constitute important causes of death in Korea, as well as in many other countries. According to a 2004 report released by the Korea National Statistical Office, deaths attributed to cerebrovascular disease ranked second, at 13.9%, and cardiac disease ranked third in the nation, at 7.3%. 1 Among cardiac diseases, ischemic heart disease has demonstrated an abrupt and marked increase in recent years, from 12.6 persons per 100 000 persons/person-years in 1994 to 26.3 persons per 100 000 persons/person-years in 2004; these findings were prominent especially in persons above 50 years of age. 1 Increased fat intake along with impressive increase in economic growth is associated with a variety of risk factors; 2 among these risk factors hypertension is generally accepted as one of the most important. 3, 4 In the clinical setting, isolated systolic hypertension (ISH) represents a particularly salient subtype of hypertension. Multiple clinical studies have shown that elevated systolic blood pressure (SBP) is a more reliable predictor for adverse cardiovascular outcomes than is elevated diastolic blood pressure (DBP). 5, 6 However, currently available data regarding the prevalence of ISH in developing countries, including Korea, is limited. Previous studies in Korea had a regional population-bias 7, 8 or were conducted more than 10 years ago. 8 Furthermore, none of these studies addressed the prevalence of ISH. Therefore, a thorough investigation using updated and nationally representative data was clearly warranted.
In this study, we have examined the prevalence of ISH, as well as the rates of isolated diastolic hypertension (IDH) and systolic/diastolic hypertension (SDH), in the Korean adult population. Furthermore, we explored the primary risk factors associated with ISH, using the most recent comprehensive nationally representative data from the 2001 Korean National Health and Nutrition Survey (KNHNS).
Participants and methods

Study population
The KNHNS is conducted by the Korean Ministry of Health and Welfare. The 2001 KNHNS was a crosssectional and nationally representative survey, which was conducted between 1 November and 30 December of 2001. The survey consisted of four components: the Health Interview Survey, the Health Behavior Survey, the Health Examination Survey and the Nutrition Survey. The target population of this survey included all civilian noninstitutionalized Korean individuals aged 1 year or over. The survey employed a stratified multistage probability sampling design, and the subjects were selected from sampling units predicated by geographical area, gender and age, which were determined by household registries. A total of 246 097 primary sampling units, each consisting of approximately 60 households, ultimately constituted the sample pool. Two hundred sampling frames (12 180 households) were randomly sampled from the primary sampling units throughout Korea, and 37 769 individuals chosen from these sampling frames were finally included in the Health Interview Survey. This survey was completed with 9770 of the 12 642 individuals participating in the Health Examination Study. Among these, 6601 of the subjects were 20 years old or older. Each of the respondents was assigned a weight, on the basis of geographic and demographic characteristics, in order to allow for estimates to be calculated for the entirety of the Korean population. Nurses were trained specifically to obtain: anthropometric measurements, serum collection, blood pressure (BP) measurements and questionnaire management. The questionnaires used in this study included questions regarding details of: demographic, socioeconomic, dietary history as well as alcohol, smoking and medical history for each of the respondents.
Measurements of BP, anthropometric, laboratory and lifestyle factors BP was measured in the right arm, using an appropriately-sized cuff (bladder size: 12 Â 23 cm, 15 Â 33 cm) and a standard mercury sphygmomanometer (Baumanometer, USA), after the subject had been seated for at least 10 min, with the subject's feet on the floor and the subject's arm supported at heart level. Two SBP and DBP readings were recorded within a 5-min interval, and averaged for data analysis.
Body weight and height were measured with the subjects wearing light clothing, without shoes. The body mass index (BMI) was calculated as the weight in kilograms divided by the height in meters squared. The circumference of the waist was measured from the narrowest point between the lower borders of the rib cage and the iliac crest.
Fasting blood samples were obtained in the morning, after at least 8 h without food. The blood samples were centrifuged, refrigerated at the examination site, and transferred in iceboxes to a central laboratory in Seoul on the day they were drawn. Plasma glucose, total cholesterol, triglyceride (TG) and high-density lipoprotein-cholesterol (HDL-C) levels were evaluated with an auto-analyzer (Hitachi 747 auto-analyzer, Tokyo, Japan).
Definitions
Hypertension was defined as a SBP X140 mm Hg or a DBP X90 mm Hg, which is consistent with the WHO guidelines for ISH. 9 Hypertension subtypes were defined for individuals not currently undergoing antihypertensive treatment as follows: combined SDH was defined as an average SBP X140 mm Hg and an average DBP X90 mm Hg; IDH was defined as an average SBP o140 mm Hg and an average DBP X90 mm Hg, and ISH was defined as an average SBP X140 mm Hg and an average DBP o90 mm Hg. Individuals currently receiving antihypertensive treatment were categorized together as one group (treated), regardless of their actual BP values.
Statistical analysis
The age-adjusted prevalence of cardiovascular risk factors for each of the BP groups was determined via direct standardization. For this adjustment, the 2001 National Census data provided by the Korea National Statistical Office was employed in our determination of the standards for the Korean population. Survey weights were also taken into account, in order to calculate the standard errors (s.e.) of the prevalence.
The demographic characteristics of the study subjects are expressed as the means7s.e. or number (%). Mean SBP and DBP were calculated after the categorization of BP in accordance with the WHO guidelines for ISH. 8 BP was analyzed after stratifica-tion according to age, and was also adjusted by age using the Least Square method by analysis of variance. The prevalence of ISH, IDH, SDH and normotensive treated groups within the sample population was also assessed. Polychotomous logistic regression analysis with a multinomial logit model was then employed in the determination of the factors relevant to the risk for ISH. All statistical analyses were conducted using the SUDAAN release 9.0 (Research Triangle Institute, Research Triangle Park, NC, USA), to reflect the characteristics of the study's multistage sampling design. All reported P-values were two-sided, and P-values of less than 0.05 were considered to be statistically significant.
Results
The characteristics of the study subjects are summarized in Table 1 . The mean ages of the study population was 45.770.4 years for men and 45.670.4 years for women. Waist circumference, BMI, BP, FPG, TC, HDL-C, LDL-C and TG were higher in men than in women. Women in the sample population were more likely to be non-alcohol drinkers and non-smokers than were men.
The prevalence of ISH, IDH and SDH is shown in Table 2 . After adjusting for age, 4.3270.32% of Korean adults were determined to have ISH, 5.2870.37% had IDH, and 5.8270.36% had SDH. Men exhibited a higher prevalence of ISH, IDH and SDH than women.
The prevalence of hypertension subtypes, according to age is also shown in Table 2 .
For ISH, age adjusted prevalence was higher in men than in women (4.8170.50% for men, 4.1270.37% for women), but the difference was not as much as when compared to IDH and SDH. In men, the prevalence of ISH increased up to the age of 70 years and then decreased. In women, however, the prevalence of ISH increased consistently with advancing age. For IDH, the age adjusted prevalence showed it was much prevalent in men than in Table 1 The characteristics of the study subjects The prevalence of hypertension subtypes, according to BMI, is also shown in Table 2 . The prevalence of all hypertension subtypes increased directly with BMI. In ISH, for men, the prevalence of ISH increased, with increasing BMI. However, for the female population, the prevalence of ISH increased up to a BMI value of 30, and then abruptly declined. For IDH, the prevalence of IDH was the highest in the group with a BMI 25.0-29.9 in men and BMIX30 in women.
The distribution of hypertension subtypes by age in untreated individuals with hypertension can be more easily understood by referring to Figure 1 . The overall prevalence of untreated hypertension increased directly with advancing age. Among the hypertension subtypes, ISH clearly increased with advancing age, and was the most prevalent hypertension subtype in subjects of 60 years of age or older. By contrast, the prevalence of SDH increased directly with age in subjects up to 70 and the prevalence of IDH increased in subjects up to 50 years of age, after which the prevalence of both subtypes decreased. The adjusted odds ratios (OR) for a variety of the risk factors associated with ISH, compared to the normal group, are shown in Table 3 . Independent variables associated with the risk for ISH included: advanced age (OR, 2.91; 95% confidence interval (CI), 2.43-3.48 per 10 years), and hypertriglyceridemia (OR, 1.03; 95% CI, 1.00-1.05 per 10 mg/dl), which was also slightly associated with the risk for ISH. In addition, the prevalence of ISH was associated with BMI, monthly income and alcohol intake. However, gender, fasting blood glucose, total cholesterol and HDL-C levels, area of residence, education level and smoking were not significantly associated with ISH risk.
Discussion
The present study shows that the age-adjusted prevalence of untreated ISH in the Korean popula- tion in 2001 survey was 4.3%. According to the results of a recent Chinese study, the prevalence of untreated ISH in the Korean population appears to be far lower than prevalence in the Chinese population, 10 where the prevalence of ISH was found to be 7.6%. In a US study, the prevalence has been reported as 5.6%, and a Canadian study showed a 6.4% prevalence of ISH.
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In our study, the prevalence of ISH in women was initially lower than that in men; however, women surpassed the men when they were older than 70 years of age. The data from both the US and Canadian studies were consistent with the data collected in our study. In the US study, the increase in ISH prevalence was steeper for women than for men after the age of 55. 11 The prevalence of ISH in women was lower at a younger age, but higher after 65 years of age, according to the results of the Canadian study. 11 However, data from the Chinese study showed that the prevalence of ISH in women was higher than in men, at all ages. 10 In regard to the relationship between ISH and BMI, one previous study showed that 61% of patients with ISH had excess weight, and 14% were obese; 12 another study showed that the BMI was independently associated with ISH. 13 Our present study also demonstrated that the prevalence of ISH increased with increasing BMI. However the CI (1.02-6.9) for BMI 23.0-24.9 versus untreated ISH does not support a strong association.
This study showed that the proportion of subjects with ISH became progressively higher with increments of advancing age. By contrast, the prevalence of IDH increased in adults until the age of 40-49, after which it declined. These results are consistent with the findings of previous studies. The studies conducted in the US and China also indicated that the proportion of subjects with ISH increased progressively with increments in advancing age, and the prevalence of IDH decreased after middle age. 10, 14 Therefore, ISH was reported to be the most frequent subtype (65%) of uncontrolled hypertension among middle-aged and elderly US hypertensive patients. 14 The observed overall increases in SBP with advanced age can be explained by arteriosclerosis developing with advancing age, which is characterized by vascular remodeling and stiffening. 15 With age, the arteries tend to lose their elasticity with reduced compliance to the stroke volume. Stiffer vessels result in acceleration of both the advancing and the reflected pulse waves, which result in earlier and faster return to the aorta at greater speeds, arriving not in diastole but in systole. 16 This increase in arterial stiffness and disturbed wave reflections are the basis for systolic hypertension; the amplification of pulse pressure thus changes dramatically with age. 17 ISH is known to increase the risk of stroke and coronary heart disease. A previous meta-analysis of eight trials showed that the relative hazard rate associated with a 10 mm Hg increase of SBP was 1.26 (P ¼ 0.0001) for total mortality and 1.22 (P ¼ 0.02) for stroke. 18 Furthermore, a variety of studies have come to the conclusion that elevated SBP is more important than elevated DBP, 19 because SBP may be a more powerful predictor of adverse cardiovascular events than elevated DBP alone. 20 Therefore, ISH, to a greater degree than IDH, induces an increase in the risk of stroke, coronary heart disease and end-stage renal disease. 21, 22 In the Systolic Hypertension in the Elderly Program (SHEP) trial, antihypertensive drug treatment could reduce the incidence of both hemorrhagic and ischemic strokes in elderly patients with ISH. Many previous studies have also determined that obesity, smoking, alcohol intake and years of education are all factors associated with the prevalence of hypertension. 24, 25 The present study indicated that the prevalence of ISH is significantly associated with age, TG levels, monthly income and alcohol intake. However, no significant relationship was found to exist with gender, fasting blood glucose, total cholesterol, HDL cholesterol, area of residence, education level or smoking in the present study population.
Our study was focused on the untreated hypertension. The prevalence of the individuals under the hypertension treatment is 6.21% for men and 8.83% for women.
This study had the following limitations, principal among which is that it used a cross-sectional study design, thereby making it difficult to determine causality with regard to the observed relationships. However, the study was conducted using the most recently obtained representative Korean data, and thus may be useful for understanding of the current state of ISH. In addition, the data may be used for development of public health programs to improve detection, prevention and treatment of hypertension in Korea.
In conclusion, the results of the present study showed that the prevalence of untreated ISH in Korea was lower than in other countries, and that age, BMI, TG levels, monthly income and alcohol intake were associated with ISH.
Support for research
None.
